•  •  • »  . 
■  L  ■ 


r .  • 


* 


•nea  s  tstt .rrssa:-- 


>  ■'  >'i 


»  '■• 

•  <-:v 


/{efUmd'Udd 

Jw  lk& 

ARMED  SERVICES  TffiHNICAL  INFORMATION  AGENCY 
ARLINGTON  ML- STOMA 
•  .  ARLINGTON  12,  VlRCINIA  '  ' 


\V«y j wv< mu  t  111 - it  r — i—  --nr — r-r-rr-rriiri-ii""-rimnrri-Tir — rrniT 


Best  Available  Copy 


1170/1 


TECHNICAL  DOCUMENTS  LiAISON  OFFICE 
UNEDITED  ROUGH  DRAFT  TRANSLATION 


KEFS  OF  THE  ACADEMY  OF  SCIENCES  OF  THE  USSR,  DEPARTH2FT  OF 

TECHHCAL  SCXEKES 


STRUCTURE  DIAGRAM  ASD  SOiS  PROPERTIES  OF  ALLOYS  OF  THE  SYSTEM 


HtoBfOM- 


MCLYBDEHIBE  -mt  YKHADIUM 


Y.  V.  Baron,  K.  I «.  Ifcanova,  E.  M.  Savitskiy 


(Moscow) 


The  purpose  of  the  present  paper  is  the  determination  of  the 
structure  diagram  and  investigation  of  certain  properties  of  alloys 


of  the  system  Jfo-JIo-V. 


The  structure  of  the  binary  systems  Nb-HO*  Fb-Y  ana  2o-Y  has 
been  investigated  by  means  of  metal j^grpphic  ana  x-ray  analyses 
(t-').  In  all  these  systems  we  observe  a^anlisited  interfusibility 
of  the  components  in  the  liquid  and  solid  states*  The  study  of  the 
properties  of  individual  alloys  of  these  systems  yielded  better 
results  with  regard  to  strength  and  high- temperature  corrosion 
-e  istance  than  the  original  method  (i-8).  There  are  hardly^data 


*  r.-:  rr  oner  ties  of  alloys  of  the  system  Hb-Ko-».  The  ternary 


structure  diagram  of  the  alloys  of  this  systea  has  also  not  been 


plotted  as  yet.  Owing  to  the  presence  in  the  binary  systei  Hb-ito, 

Kb-V,  iio-V  of  a  continuous  series  of  solid  solutions,  and  in  Tie* 
closeness 

of  the  ii«mi  of  atonic  radii  and  -he  identity  of  their  crystalline 

solubi- 

structure^,  it  could  be  assumed  that  there  is  an  unlimited 
11  ty  also  in  the  ternary  system  fib-3£o-¥. 

nevertheless,  the  determination  of  this  structure  diagrac  and 
-he  study  of  the  properties  of  these  alloys  is  of  the  greatest 
interest  since  they  ray  constitute  the  basis  of  a  heat-resisting 
-n:  high-teaperature  corrcsion-resistant  rater  13.1. 
in  order  to  study  the  structure  and  properties  of  alloys  of  the 
ternary  system  Nfe-Ho-V  ,  we  smelted  29  alloys  of  the  ternary 
sys.en  ani  ZS  of  the  binary  system  which  had  already  been  studied 


7.1  zn  metals  of  varying  purity-  For  the  blending  of  the  alloys  we 


used  meta^pceranic  niobium  (ouritv  degree  99.9°)  and  solvbder.ua 

C 

'rrurity  degree  99. 99s)  as  well  as  carbojftherEic  v^n^dium  (purity 


ietree  9 9./.<)  containing  0.06^  C  arsd  0.06>  S.  The  rest  were  me- 


"  i lie  admixtures  and  gases.  The  alloys  were  smelted  in  an  arc 


ur:.  ce  wit.-.  cereunent  tungsten  electrode  on  a  water-cooled 


-  -  r  ---- 


'ediur  of  ourified  helium-  ?acn  alloy  t  .r  " 


iected  to  five-told  renelting  (with  rolling  over)  in  order  to 


obtain  a  homogeneous  cosposlticq^  The  alloys  thus  obtained  were 
weighed  and  coopared  t j  weight  with  Ike  theorectical  composition 
of  the  charge;  if  the  loss  of  weight  did  not  cceed  0.3  to  O.A$. 
a  chemical  analysis  was  not  carried  out.  In  all  the  other  eases 


the  alloys  subjected  to  chemical  analysis.  The  alloy  compo¬ 


sitions  are  shewn  in  the  taole. 


ill  of  the  alloys  were  m 


fej 

nett^Uwgr 


graphically  investigated  in 


niobius 

a  cast  and  state.  Etching  of  the  alloys  by  alwbwi—  and 

Ol.  ol. 

v/n^ciun  was  effected  by  a  mixture  of  hydrofluoric  acid  and 


nitrous  acid,  while  etching  by  molybdenum  was  carried  out  with  a 


-ixture  of  nitrous  aid  sulfuric  acids^flfe^Sefeching  reagents  we 

selected  for  the  illoys  of  ternary  systems:  for  the  nlobiux  and 
a.  Ol. 

*Lnldiv.  angle  they  consisted  of  mixtures  of  hydrofluoric  and 
nitrous  acids  characterized  by  a  varying  ratio  of  their  components 
for  the  molybdenum  angle  the.-  consisted  of  various  mixtures 


of  nitrous  and  sulfuric  acids. 


All  fat  of  the  cast  alloys  of  the  systems  Kb-HoySx  Ib-V  and 
ro-V  had  monophase  structures  r<_. '  r  to  the  structure  of  an  <*iioy 
•  I  -f:  50$  No  and  50$  V  in  the  system  Kb-Vp  60$  Ho  ana  AO?  V  in  the 


X-CL- 1170/1 


system 


V  and  with  S9.7*  Sd  and  10.3jt  Mo  In  the  system  Hb-Ho 


(Figs.  1,  a  b,  c  ). 


cast  alloys  or  the  ternary  system  also  S  SC^Oph35£ 


structure,  but  nOst  of  them  receded  a  dendritic  liquation  (Fig.  i 

eumsaji*£- 

i,  e,f  ) .The  alloys  were  subjected  to  a  protracted  WtUB  at 


10003  during  300  hours.  Investigation  of  the  micros true  fare  of 
-be  alloy  showed  that  the  alloys  of  binary  and  ternarv 


systems  were  monophase  and  that  a  dendritic  structure  was  hardly 
detectable  in  then  (Fig.  1,  g,  h,  i  ). 

For  all  the  alleys  of  the  ternary  system  ana  the  three  binarv 

(  / 

systems,  trie  soxideus  test 


temperatures  were  measured.  The  determina¬ 


tion  was  carried  out  with  the  Hop  method  by  sealing  the  opening 
(''■.7  to  0.3  iijdiameter  and  2.5  to  3  in  depth)  on  the  specimen 

in  tue  iors  of  snail  rods  A  z  A  K  10  in  site  clasped  by  tungsten 

electrodes  and  connected  with  water-cooled  copper  bands. 


?lg-  7.  Curves  of  fusibility  and  properties  of  Nb-xo,^!o-J,  3ni 

\t-Y  alloys;  H  -  ?»■■»»*"  Brinell  bard^*»,  kg/E=  ,  ^pxy- 
B  2 

dation  rate  sg/cn  hour- 


the  temperature  was  seeasured  by  ^eans  of  an  optical  pyroreter 

/m4 Hju 

Mtn  rh  v  9>.  Tl  and  si.  The  Table 
calibrated  for  pure  ■■MBt  ■Ho,  Itb,  v,  £r»  i* 


and  ?ig.  2  show  the  solidus  temperatures  and  the  fusibility  curves 


of  three  binary  systems.  It  must  be  pointed  out  that  the  trend  of 
the  solid£s  curves  of  the  fusibility  di ’-grans  of  the  systems  Kb- 


«-2-V  and  Ho-v  is  similar  to  the  one 


"O- 


obtained  earlier  (!-?', 


rlth  the  difference  that  in  the  fb-V  syste^ininun  temperature 


is  somewhat  lower  and  correepoods  to  1720*  »hich  is  due  to  the 

fact  that  in  the  present  work  we  used  carbotberwical  instead 

if-  4*1 

ijicalciuz-theroical  wlnfefc*-  In  the  Nb-Mo  systes,  sinirun 
temperatures  differ  somewhat  from  those  obtained  earlier  with 


carfcothemic  materials  and  amount  to  2290°,  thus  corresponding  to 
alloys  containing  30  and  45*  *o£ln  the  2o-V  system,  all  the 
solidus  temperatures  are  higher  than  tnose  established  earlier. 


o- 


when  we  used  aluninum-thernic  w^nfcium  with  a  purity  degree 

Ji 


oi 


95 which  contained  many  admixtures. 

me  nelting  points  of  the  alloys  of  the  ternary  system  are 
also  shorn  in  the  Table.  The  structure  diagram  for  5b-L'o-V  is 


plotted  on  the  basis  of  measurements  of  the  melting  points  of 
alloys  and  investigations  of  the  nicrostructure  of  cast  and 


f 

’llovs.lv 


alloys. ‘Figure  3  snows  the  projections  of  soliddus  isotercs  on 


L 


concentration  triangle  of  the  system  Sb-ilo-V  and  the  fusibility 

diagrams  of  binary  systems,  me  melting  points  of  ternary  system 

ailovs  drop  from  alloys  containing  great  quantities  of  molybdenum 

Ot-  a- 

containing  great  quantities  of  v£n£- 


fyjttfi  7450*)  towards  alloys 


1)  composition,  weight,  f  2)  H  ,  kg/=s  3)  t  %  °C  A)  oxidation  rate 
cf/cs"  hou?  at  *C  5)  lyonnOT  ^overweight  6)^k»eight-  ioss 


7) ^.overweight  3}|§.weight  loss. 


Fig.  ?.  Projection  of  solideus  tsoteros  on  the  concentration 
triangle  (weight,  i,  )  of  the  Hb-Mo-Y  systes  and  fusibility  dia¬ 


grams  of  binary  systess  Hl>ho,  L'o-V  and  Y-lb. 


Th*  treed  of  solideus  teeperature  curves  on  the  plotted 
vertical  sections  with  a  constant  content  of  aolybdenun  equalling 
85,  75,  60,  45  ,  30  and  15  f  weight  (Fig.  4»>  and  a  constant  nio¬ 
bium  content  equalling  55,  40,  and  25%  weight  (Fig.  4b)  reveals 


the  presence  in  the  ternary  systea  of  an  uninterrupted  series  of 


-:oiid  solutions:  the  curves  are  gr  &  ly  dropping  as  the  vjnidio 


<x  a. 


A 


-  10  - 


cement  increases. 


«A4U»(^ 

The  cast  and  AHi  alloys  were  tested  for  Brinell  hardness 

2 

-ith  -  XhPO-250  device  with  a  stress  of  250  icg/xas  and  a  call 


cia-.eter  of 


5  She  results  are  shorna  in  the  table  and  also 


.n  rSc^7  (for  the  binary 


systems  also  in  Fig.  /t£,b) .for  the 


re:  leal  sections  of  the  ternary  syster  mentioned.  The  hardness 


\*.v. 


4^3 


of  allovs  after 


at  1000 3  during  ?0Q  heurs  dropped  con- 


si  :er  -bly,  for  sore  alloys  fax  by  tore  than  100  units.  She  hardness 


niobiut  amounted  to  11*  tc  105fctg/m  .  T  -.is  t-  i  '-e  it  possible 


JU 


:c  roll  it  cold  into  a  thin  foil  ana  even  draw  it  into  a  wire, 

/pm****/* 

KBfcavhen  cist,  without  intercediate  SMMto.  Binary  niobius  alloys 
con*  -ir.in;  1.71*  Yo  and  2.L%  Y,  underwent  cold  treatment  success- 


The  hardness  of  binary  anc  ternary  alloys  changed  in  accordance* 
with  the  form t ion  of  an  tointerrupted  series  of  solid  solutions 
over  the  entire  range  of  concentrations.  Hardness  of  ternary  alloys 


-ying  on 


n  sections  vhich  are  parallel  to  the  niobiuw-v^n^diur  side. 


?i:h  i  constant  colybdenus  content,  is  expressed  by  convex  curyws 

*•  C 

'a' ;  the  hardness  numbers  increase  as  the  vlnidiu*  content 
increases  ^tt,  .attain  their  optiral  sagnitude  and  then  decrease. 

z. 


=lg.  !. .  Vertical  sections  of  Jfb-Vo-V  systen  -with  constant  nolyMecu: 
an c  sicbiun  content  and  alloy  properties;  5»  -  Brjnell  hardness  - 
f-J-  v  -  oxidation  rate,  sg/cn*  hour.  /S\ 


Alloys  containing  32,2%  Vo;  26. 3^  T,  41,3%  Jb,  hare  the  greatest 

2 

hardness  (ilO  kg/me  ),  Hardness  variation  of  alloys  with  constant 
niobiun  content  (Fig.  4b)  is  expressed  tj  siaiar  curves.  Fror  the 
lines  of  equal  hardness  shown  in  Fig.  5  it  can  be  seen  that  the 
src»tj£  hardness  increase  takes  place  approxisafcely  in  the  central 
of  the  diagras.  Alloys  based  on  nicbius  were  the  softest 
Hots. 


Lii.es  of  equal 


hardness  of  Hb-Xo-7  systes  alloys. 


-  13  - 


We  investigated  the  oxidizability  of  all  uae  ternary  alloys 
and  corresponding  Unary  alloys  at  1000  to  1200* •  For  this  purpose 
re  took  ppeciaenj  4.5x4. 5x10  to  8  ae.  They  were  placed  into  por¬ 
celain  crucibles,  which  were  calcinated  beforehand  to  a  constant 
weight,  and  were  held  in  the  furnace  with  air  at  temperatures 
ranging  from  1000  to  1200°  for  one  hour*  The  specimens  were 
weighed  xpw  separately  and  together  with  the  crucibles,  prior 
to  and  after  holding.  The  oxidation  rate  was  determined  by  over¬ 
weight  and  by  weight  loss,  the  latter  procedure  being  more  con- 

a- 

venient  for  alloys  rich  in  molybdenum  and  v/niaiun  since  their 

oxides  are  volatile.  The  oxides  and  flMfcsr  were  wenoved  mechanically: 

by  scraping  of.  and  polishing  with  paper,  fhe  results  are  shown 

in  the  Table  and  in  Figs-  2,  4. 

The  investigations  have  shown  that  alleys  with  4.7.  and  6.7  ^ 

ifwweight  so  as  well  as  alloys  containing  4.6  and  5.6m  weight  V  have 

SulZZ- 

th 2  lowest  oxidation  at  1000°  (by  overweight  and  by  weight 

loss).  In  the  case  of  alloys  containing  large  quantities  of  molyb- 

0-  4U 

denizr  and  Wnidius,  the  oxidation  rate  increases  considerably.  Sore- 
' ‘  lower  is  the  oxidizability  of  alloys  with  60  and  75*  weight  7. 


■  though  it  is  still  comparatively  high  (?ig0  7).  Ozidi-Vcilf 


•»  *0} 


~-e  *°~v  sjutca  does  not  change  substantially  and  renal—  rery 
blgh  both  at  1000  and  1200*  since  on  the  surface  of  nost  ifo— Y 
alloys  unstable  low-welting  oxides  are  foreed. 


1200®,  the  alloys  with  the  highest  degree  of 


oxidation 


resistance  were  found  to  be  niobit*  alloys  with  15.4%  weight  Mo 

?T~  <•&&  weight  Y.  As  the  Bolytaedesua  and  Tanadluc  content  grew, 
oxidation 

mmia  resistance  decreased  considerably^)  The  increased 
oxidation  resistance  obsenred  in  niobiuc  alloys  containing 
:u  an  titles  of  xolybdenua^nnadita  is  apparently  due  to  the  capacity 
of  tne  a cove  alloying  elements  to  substitute  the  niobium  atoas  in 
the  oxide  fllr  -^0^  thus  lxproring  its  nechanlc  stability.  An 
increase  in  the  solybaenue  and  xanadiuw  content  results  in  an 
abrupt  deterioration  of  oxidation  resistance  since  the  projectize 
filrs  lose  their  stable  properties  because  of  the  beginning  for- 
raticn  of  liquid  oxides  of  these  cetals.  Bins,  for  exaxple,  in 
alloys  containing  25%  weight  Y,  at  1000®  a  liquid  component  appears 
in  the  oxiae  fils,  it  should  be  noted  that  oxidizability  of  binary 
alloys  containing  oxer  20%  weight  nolybdenuc  and  frc  18  to  55% 

6  'fet  7-na"iu=  is  ^tter  at  1200®  than  at  1000®,  which  ray  possibly 
e  the  result  of  the  thickening  of  the  fil*  at  increasing  terwera- 


tures. 

7e  investigated  the  wttiuttw  oxidizability  of  all  the 

/ 

/ 

ternary  alloys  (fable.  Fig.  4a,  b).  Of  all  the  alloys  investigated/ 

niobien  alloys  xrlth  No,  2.8%  V  and  5g  5fo  ,  5/6.i  V  shewed  the 

highest  oxidation  resistance  at  1000°  and  1200°. 

At  ter.  cion  should  be  devoted  to  the  fact  that  an  iapoved  tzLgh- 

tenpersture  corrosion  resistance  of  ternary  nioMtta  alloys  was 

observed  at  a  lover  alloying  percentage  than  in  the  case  of  binary 

rate 

alloys.  It  has  also  been  observed  that  the  oxidation  ante  of  ternary 
alloys  is  occasionally  higher  at  1000°  than  at  1200 

Conclusions.  On  the  toast  basis  of  lnvestigatiom of  xicr  os  tinc¬ 
tures  of  cast  and  annealed  alloys,  their  hardness  and  the  determina¬ 
tion  of  their  melting  point,  we  plotted  the  structure  diagran  of 
the  systea  JTo-Ho-V  and  checked  the  corresponding  binary  system, 
investigated  earlier,  against  metaJfc  of  identical  purity. 

Te  established  the  exJ. stance  in  the  Sb-JJo-r  of  an  interrupted 


tone  of  solid  solutions. 

re  plotted  the  isothernl^curves  of  solidius  texperaiures  which 
sr.ov  that  the  melting  point  of  alloys  drop*  (from  2550  to  1800°)  as 


L 


their  vanadius  content  Increases. 


Alleys  of  the  niebiuw  angle  were  characterized  by  the  lowest 


hardness  (105  to  220  kg/am  ). 


After  investigating  the  niiiif  oxidizability  we  found  that 


the  alleys  rith  the  highest  high-tenperature  corrcsicn  resistance 


rr-re  niobium  alloys  with  the  fol,  o~ing  composition:  in  binary 


systems  at  1000 3  -  alloys  with  approximately  2o  and  5£  V;  at 
12003  -  with  i »  15.4=5  Ho  and 


l.l£  ?;  ii^trnary  systems  -  alloys 


with  5*  To,  2.3a  ¥  and  5%  Ho,  V  .  loreover,  these 

alloys  turned  out  to  be  technologically  aost  effective. 


All  the  other  alloys  tith  nigh  molybdenum  and  vanadium  content 


had  high  oxidation  rates. 


The  change  in  hardness  as  a  result  of  the  composition  of 


binary  and  ternary  alloys  corresponded  to  the  properties  character! 


zing  uninterrupted  series  of  solid  solutions.  Changes  in  high- 


tenperature  corrosion  resistance  as  a  result  of  the  composition 


vere  not  depending  on  any  such  factors. 


Feceived  on  April  1st,  l9b0* 
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